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Claims 

1. A process for supplying plasma ions in hollow anode 
discharge tubes characterized in that a gas is introduced into 
the hollow tubes in the vacuum chamber and a dc anode electric 
potential is impressed thereto to allow anode discharge to occur 
in the hollow tubes, by which the introduced gas is energized to 
obtain cations from the hollow tubes. 

2. A process for supplying plasma ions in hollow anode 


2 

tubes being available in the forms of a hollow tube or a hollow 
polygonal pipe, with the tips processed into various shapes for 
realizing anode discharge in the hollow tubes. 

3. A process for supplying plasma ions in hollow anode 
discharge tubes of Claim 1 wherein the anode electric potential 
impressed on the hollow tubes being 5 V to 30 kV, and made 
adjustable according to the kind, quantity, and pressure of the 
gas introduced as well as according to the length and cross 
section of the hollow tubes. 

4. A process for supplying plasma ions in hollow anode 
discharge tubes of Claim 1 in which: 

(a) the hollow tubes being usable in a number of ways so as 
to individually impress an anode electric potential for realizing 
ionization by simultaneous introduction of several kinds of 
gases , 

(b) another hollow tube being placed inside the other tube 
keeping electric insulation and impressing the anode electric 
potential on the individual hollow tubes, and 

(c) it being usable in combination with various types of 
metal vapor generators. 

Detailed explanation of the invention 

Industrial applications field 

This invention relates to a process for producing a gas- 
phase film normally using plasma (hereinafter called plasma CVD) , 
and more particularly relates to a process for supplying plasma 
ions which can provide a remarkable increase in the ionization of 

the introduced gas and allow a plasma ion reaction to occur to a 
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large extent, thus providing a compound film with the 
compositions unobtainable by conventional coating methods. 

Prior art 

In recent years, numerous methods of plasma CVD have been 
proposed, which are those utilizing a high-frequency capacity 
binding discharge, high-frequency induction binding discharge, 
microwave discharge, dc parallel plate discharge, their combined 
discharge, and combined use with a magnetron. On the other hand, 
another conventional method of ion plating is frequently used for 

designated to attain the best possible ionization efficacy of 
evaporated substances in the gaseous form to increase the 
reaction, thus obtaining films which lack reactivity of the 
introduced gas and sealability with the treated substances of 
reactions (hereinafter called base plates) , with their normal 
ionizations being 4% and at the most 40%. 

Furthermore, when two or more different kinds of gases 
(including a compound gas and metal vapor) are simultaneously 
introduced to attain ionization, the difference in the linkage 
and combined state of each element not only makes it difficult to 
control the ionization, but frequently renders degradation of the 
introduced gas impossible. Therefore, it is extremely difficult 
to provide films with the desired compositions and structures. 

In general, the properties of the formed films vary to a 
large extent according to the conditions such as vacuum degrees 
and process temperatures, possible contamination with foreign 
matter from an ion supplying source, residual impurities inside 
the vacuum chamber, and others, thus rendering the production of 
films with desired properties unattainable. Furthermore, for 
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example, with a thin film coating applied to a cutting tool and 
mold where extremely high coating sealability is requested, the 
lower ionization ratio and restricted processing pressure of 
conventional methods have made it extremely difficult to provide 
-films with desired improvements. 

On the other hand, an ion gun is available as a means for 
supplying ions at a relatively high ionization ratio, and the 
application has been tested for ion supply. However, the gun 
presently available requires various improvements before use in 
film production with plasma CVD or ion plating due to the 
following disadvantages: the complex structure, occurrence of 
high-voltage abnormal discharge, shorter service life of the 
thermal cathode PIG (Penning Ionization Gauge: thermal filament 
which generates electrons to produce plasma) , the necessity of an 
electron supplying means, thermal filament contamination of the 
film material responsible for vacuum evaporation of the filament, 
and insufficient ion supply. 

Problems to be solved by the invention 

This invention was made through an evaluation of the above 
disadvantages and improvements of devices to solve the foregoing 
problems which are the insufficient ionization of introduced 
gases, poor increase in the ionization of each gas when two or 
more different gases (compound gas, metal vapor, etc.) are used 
in combination, the problem of controlling ionization, the 
problems of producing films with desired compositions, 
contamination of films resulting from the vacuum chamber and ion 
supplying sources, the sealability of coated films with the base 
plate of coated' substances, etc. 
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Furthermore, this invention is to evaluate and solve the 
problems of conventional ion guns, such as complex structure, 
high-voltage-caused abnormal discharge, shorter service life, and 
insufficient ion supply. 

In other words, this invention is to provide an ion 
supplying process which can easily attain extremely high 
ionization and large volume o£ ionization current at relatively 
low voltages from the gases containing the elements intended to 
be produced, thus leading to a vast improvement of the foregoing 
problems . 

Means to solve the problems 

This invention is to provide a plasma-ion supplying process 
wherein gas is introduced into the hollow tubes placed in a 
discharge chamber (hereinafter called vacuum chamber) and the 
introduced gas is energized using the tubes to which a dc anode 
electric potential is impressed (hereinafter the hollow tubes to 
which a positive electric potential is impressed are called 
hollow anode discharge tubes) to obtain cations from the hollow 
anode discharge tube), thus solving the foregoing problems. 

The hollow anode discharge tubes can take any shape, 
including cylindrical or polygonal ones, as long as they are 
hollow, with the shapes made adjustable according to the vacuum 
degree of the vacuum chamber containing an introduced gas and the 
devices and machines in and around the chamber. Ionization is to 
be adjusted by controlling the anode electric potential impressed 
on the hollow tubes, with the applicable anode electric potential 
being 5 V to 30 kV. Furthermore, when the simultaneous 
introduction of gases (plural) is made to attain ionization, the 
above problems can be settled using a number of hollow anode 
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discharge tubes to which an anode electric potential can be 
individually impressed, or using the anode discharging tube 
structured so as to have another hollow tube inside one hollow 
tube, with electric insulation maintained, or by the combined use 
with various types of metal vapor generators. Furthermore, by 
this invention there is a structure simplified to the greatest 
possible extent provided to prevent the abnormal discharge and to 
prolong the service life of ion supplying devices. 


Functions 


As exemplified by the device given in Figure 1, this 
invention is to introduce gas into hollow tube (1) and to impress 
a dc anode electric potential thereto causing hollow anode 
discharge, thus energizing the introduced gas to produce cations, 
with the structure made so as to easily produce discharge by 
impressing the proper dc anode electric potential to hollow tube 
(1), attracting all the existing electrons to allow the discharge 
to start. 

In this instance, the discharge occurs and continues to 
occur in vacuum chamber (7) connected to the grounded electric 
potential, or between base plate (6) or base support (5) to which 
a grounded electric potential, cathode electric potential, or 
anode electric potential lower than the dc anode electric 
potential impressed to the hollow anode discharge tube is 
impressed. 

When discharge starts inside said hollow anode discharge 
tubes, there is a collision of electrons accelerated toward the 
hollow anodes with the introduced gas and the gas is ionized with 
emitting electr6ns, then the emitted electrons cause recollision 
.,;t-K ,^»-hpr introduced eras, thus repeating the 
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collision/ionization and continuously increasing the number of 
electrons and ions to provide an extreme potential discharge 
phenomenon. A proper modification of the hollow tube shapes and 
control of the anode electric potential to be impressed can 
.provide every introduced gas with collision/ionization, thus 
attaining ionization up to 80%, which may vary with the kinds of 
gases introduced. 

In this instance, whereas electrons are attracted to the 
hollow anode discharge tubes and disappear, the cations remain 
and are subsequently provided as a large cation flow to the 
negative plates (such as vacuum chamber (7) and bas^ plafp (fi) . 
etc.)- Ionized atoms are attracted to the negatively impressed 
base plate (6) and an adequate control of the voltage will enable 
ion etching and ion infusion film synthesis, thus attaining 
extremely high sealability. 

We have found that various gases can be treated in a device 
so structured as claimed in this invention and have realized this 
invention. We have not theoretically elucidated the mechanism of 
the hollow tube anode discharge, but have found an adequate 
modification of the hollow anode discharge tube shapes and proper 
control of the vacuum degree upon discharge and ionization, as 
well as anode electric potential providing a simply structured 
means to realize a large amount of ion supply and extremely high 
ionization. Besides, adequate conditions of hollow tube shapes, 
vacuum degrees at the discharge, and ionization, as well as anode 
electric potential will be determined by the dimensions and shape 
of the vacuum chamber, kinds of introduced gases, and the 
compositions of the films to be produced. Special attention 
should be given to the dc anode electric potential to be 
impressed on the hollow tubes, with a potential range of +5 V to 
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+30 kV. Ionized energy of normally existing elements are said to 
be 5 ev to 25 ev. 

Therefore, the voltage of 5 to 30 V will cause ionization; 
when the introduced gas is a compound it will cause less 
-ionization, in most cases requiring a voltage of more than 25 V. 
Furthermore, an improved ionization will necessitate an increase 
in the impressed voltage which then raises the frequency of 
problems such as abnormal discharge, heating resulting from 
electron collision in the hollow anode discharge tubes, and other 
abnormalities of attrition. Therefore, the maximum voltage is 
determined to be 30 kV. 

When two or more different ions are supplied by the 
simultaneous use of two or more different gases to provide a 
compound film or alloy film, in order to realize an increased 
ionization for each introduced gas, as shown in Figure 5, two or 
more of the hollow anode discharge tubes are placed in parallel, 
or as shown in Figures 6 and 7, the hollow tubes are structured 
to have another hollow tube inside a given hollow tube, i.e., a 
multiplated and multilayered structure, thus impressing each 
anode electric potential with individual electric sources, and 
making it possible to control degradation, energizing, and 
ionization by adjusting the discharge intensity for each 
introduced gas. In general, a metallic ion is the lowest in 
ionization potential, followed by an active gas, then an inert 
gas; when a compound gas is used, it requires an even larger 
ionization energy due to the necessity of decomposing each 
linkage and energizing gas for ionization. Thus, as mentioned 
before, the use of multiplated and multilayered hollow anode 
discharge tubes realizes the ion supply according to need and 
provides the films with the desired properties. 
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On the other hand, an irradiation of Ar ion and others 
supplied through hollow anode discharge tubes to base plate (6) 
will cause collision of inert ions on the base plate to clear the 
base surfaces, thus increasing the sealability of the formed film 
.with the base plate, which an be easily obtained by selecting the 
gases to be used and adjusting the impressed anode electric 
potentials in the hollow anode- discharge tubes. 

Furthermore, provision of base heater (8) will be of help in 
heating and removing impurities, for example, halogens such as 
TiCl4 in the introduced gas attached on the base plate surfaces, 
or further in increasing hollow anode discharge utilizing heated 
electrons from the heater. Insulator (13) provides base heater 
(8) with electric power from heater power source (3) . The 
foregoing process is to provide the desired film compositions, 
improving film properties, and drastically improved sealability 
of the synthesized film with base plate (6) by supplying highly 
activated ions. 

Additionally, this invention has provided a process for ion 
supply, the structure of which is simplified to the best possible 
degree unlike the conventionally used ion gun, to have the least 
frequency of abnormalities, which is almost free of abnormally 
high temperatures and attrition of hollow anode tubes and 
provided with an extremely long service life because of the 
singular collision of electrons in the hollow anode, and which is 
free from the contamination of film materials resulting from 
fused evaporation of tube materials. 

Embodiments 


The present 

r r ^rf ical ter^s. 


invention will 

with reference 


hereinafter be described 
to the attached figures. 


in 


However, the invention is not limited thereto. The same symbols 
given in the figures mean the same or similar materials. 

Figure 1 shows an example where hollow anode discharge tube 
(1) is singularly used to realize the production and radiation of 
.the desired ion using one of the introduced gases selected from 
inert gases such as Ar, Ne, etc., metallic gases such as SiH 4 , 
TiCl 4# etc., or organic metal, compound gases such as 
Ti(N(CH 3 ) 2 )4, and further to realize ion cleaning or ion etching 
with an inert gas ion, or to realize the production of a metallic 
film and the synthesis of compound films. Hollow anode discharge 
tube (1) is made with conductive hollow tubes of such materials 
as Ta,. Mo, W, or stainless steel, with the above-mentioned gas 
being' supplied to hollow tube (1) via flowmeter (15) and gas flow 
regulating valve (14) from gas supplying source (16). On the 
other hand, the hollow anode discharge tube (1) is connected to 
the anode electric potential of the power transformer (2), 
keeping electrical insulation with the vacuum chamber or gas- 
supplying mechanism via insulator (11). 

Vacuum chamber (7) is connected to the outside evacuator 
with evacuation hole (10) for evacuation, electrically grounded 
in most cases. In this instance, the vacuum degree used is from 
several + Torr to 10~ 3 Torr. An introduction of the foregoing 
gases into the hollow anode discharge tube structured as 
mentioned before to impress an anode electric potential will 
enable remarkable collision and ionization of electrons with the 
introduced gas, irradiating and supplying the generated ions to 
vacuum chamber (7), especially to base support (5) or base plate 
(6 ) negatively impressed at power transformer (4) shown 
in the figure, power transformer (4) and vacuum chamber (7) 
are insulated with insulator (12). When the introduced gas 
<«= ,n inert oas such as Ar, base plate (6) is sub D ected 
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the gas is SiH 4/ base plate (6) forms a Si film hereon, with the 
Si ion implanted thereto in some cases. Furthermore, when the 
gas is a compound such as Ti (N (CH 3 ) 2 ) 4 / the compound film such a 
Ti(CN) is allowed to form on base plate (6). 

Thus, selecting an introduced gas suitable for the 
applications and adjusting the anode electric potential have 
provided a process capable of ion etching, ion infusion, and film 
synthesis . 

Normally, the dc electric field causes the introduced gas to 
discharge, with the voltage capable of degrading compounds and 
energizing ionization being several + Torr to 10~ 3 Torr as 
mentioned before. However, when improvements are required to 
prevent contamination of base plate (6) resulting from the 
absorbed gas on the inner surface of vacuum chamber (7) or to 
increase the mean free path of the ions, and in some cases the 
vacuum degree in vacuum chamber (7) should be raised to 10~ 4 to 
10" 9 Torr. Alternatively, in this instance, the pressure in the 
hollow tube can be kept at several Torr to 10" 2 Torr to maintain 
stable discharge conditions, with hollow tube (1) tapered as 
shown in Figure 2. On the contrary, when stable discharge is 
desired to continue at several + Torr, stable discharge can be 
obtained by providing the structure so as to produce the least 
possible pressure difference between the inside of hollow tube 
(1) and vacuum chamber (7), with the tip of the tube opened, as 
shown in Figure 3. 

Furthermore, in Figure 1, normal discharge will stably 
continue between hollow anode discharge tube (1) and base plate 
(6) negatively impressed thereby, but intermittent abnormal 
discharge may occur between tube (1) and vacuum chamber (7) when 
the positive electric potential impressed on the tube is several 
+ kV to several tens of kV. In particular, when prolonged 
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discharge is required with the electric potential in the tube 
kept raised, an occurrence of abnormal discharge is to be 
prevented by applying insulating material (9) of Al 2 0 3 by 
injection or other means to provide the tube surfaces with 
.coating. The insulating material to be coated, for example, 
A1 2 0 3/ the thickness of which can vary to a large extent with the 
insulation degree based on the pore ratio and compositions of 
A1 2 0 3/ will normally suffice at 50 to 3 mm for a large 
insulation degree, and will peel off the hollow tubes due to the 
high possibility of cracks resulting from the temperature 
difference between the pre- and postdischarge for a thickness 

exceeding these ranges. 

Figure 5 shows a practical process for attaining 
simultaneous supply of a number of ions by the combined use of 
two or more different gases. Hollow anode discharge tubes (1-1) 
(1-2) are individually connected to the anode sides of powder 
transformer (2-1) (2-2), and the respective tubes provides gas 
via gas regulating valves (14-1) (14-2) from the gas supplying 
source. Electr-ic insulation, vacuum degree on discharge, shapes 
of the hollow tubes for realizing discharge, and the impressed 
electric potential are all within the preceding ranges. Thus, an 
impression of anode voltage suitable for the chemical linkages of 
a number of gases using a number of hollow tubes has realized the 
gas supply for the intended purposes, and has attained 
stoichiometrically produced films, compound films, or alloy films 
with further desirable properties. 

Additionally, Figures 6 and 7 show processes for producing 
compound films with desired compositions by arranging double- or 
triple-structured tubes, or two or three pieces of the tubes in a 
hollow anode discharge tube even for the difficulty in mixing the 
introduced gas. In this instance, also, the impressed anode 
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electric potential, shapes of the hollow tubes, and vacuum degree 
on discharge are all within the foregoing ranges. 

Application Example 1 

A production of TiCN film was carried out by the use of 
Ti(N(CH 3 ) 2 )4 as an introduced .gas in the device shown in Figure 1 
under the following conditions: 

Hollow anode voltage 
Pressure in the vacuum chamber 
Dimensions of hollow anode discharge tube 
Electric current in the tube 
Base plate voltage 
Base plate heater 

Estimated temperature of the base plate 
Base plate material 

The thus-obtained film is a silver-gray-colored TiCN film 
with a composition resembling that of Tic, HV 2000-2200, and 
determined to be TiC 0 . 7 N 0 .3 from x ~ ra Y diffraction. 

The continuous machining test of S45C (HB 18 o-200) process 
into HSS chips (SNGN432) has revealed that the processed 
substande has about a 5 times longer life than unprocessed. 

Application Example 2 


+1500 V 

1 x 10" 1 Torr 

^ 25 mm x 1 100 mm 

4,5 A to 4.2 A 

-500 V 

20 V 100 A to OVOA 
(SUS band heater) 
300-400 *C 
HSS chips (type 
similar to SNGN 432 ) 


TiN film production 

introduced eras and N7 as 


was carried out using TiCl 4 as 
a reaction gas in hollow anode 


an 

discharge 


tubes (1-1, 1-2) of the device shown in Figure 5 under the 
following conditions : 
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Hollow anode discharge tube 
.Hollow anode voltage 
Dimensions of the hollow anode tube 

Introduced gas 

Electric current of the tube 
Pressure of the vacuum chamber 
Base plate voltage 
Base plate heater 

Estimated base plate temperature 
Base plate material 


1-1 1-2 
+1300 V +1500 V 
<f> 20 mm x 1 100 mm 
<f> 25 mm x 1 100 mm 
TiCl 4 H 2 N 2 
2.5Ato2.8A 3.8A 
1 x 10~ 2 Torr 
-800 V 

20 V 100 to 10 V 5.5 A 
(SUS band heater) 
400-500'C 

HSS chips (type similar 
to SNGN 432 ) 


The obtained film was gold-colored TiN with the composition 
of HV 180 o to 2000' containing a trace of 0.5% CI. The film was 
processed into HSS chips to produce S 45 C (HB 180 _ 200 ) which was 
then subjected to a continuous machining test. The test revealed 
that the processed structure has about 4 times longer machining 
life than unprocessed. A comparison with norma] plasma CVD 
showed the thus-processed film was excellent in sealability, free 
of peeling, and was provided with larger ion-supplying effects 
resulting from the hollow anode discharge. 


Effects of the invention 


The plasma-ion supplying device based on this invention has 


/ 


15 

(a) supply of highly reactive plasma ions with high 
ionization and extremely high ion density; 

(b) supply of ions at the highest controlled ionization 
level by altering the dimensions of the hollow tubes and 
adjusting the quantity of introduced gas and the impressed anode 
voltage depending on the energy needed to decompose the gases and 
to cause energized ionization*, when two or more different gases 
were used together; 

(c) adjustment of the film compositions formed by the effect 
mentioned in (b) to the most desirable compound; 

(d) prevention of film contamination responsible for vacuum 
evaporation of heat filament elements as with the thermal cathode 
PIG ion gun, easy supply of a large magnitude of ion electric 
current, simplified structure almost or completely free from the 
occurrence of abnormalities; 

(e) the hollow anode discharge tube receives only a small 
magnitude of electron collision, being free of damage and 
provided with a resultant prolonged service life of the tubes; 

(f) any element in gaseous form being convertible into ions, 
with high-density ions being suppliable; 

(g) the introduction of inert gases such as He, Ne, and Ar 
into the hollow anode discharge tubes and irradiation of ionized 
gas on the base plate can provide the base plate surface with ion 
etching and ion cleaning, further providing continuous synthesis 
of compound films only by changing the reaction gas, and 
attaining extremely high sealability of the film with the base 
plate . 
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Brief explanation of the figures 

Figure 1 shows a device for supplying plasma ions in this 
invention; Figure 2, 3, and 4 show structures of the hollow 
tubes; and Figures 5, 6, and 7 show other devices of this 
invention . 

1... hollow tube (1-1, 1-2, 1-3 all similarly arranged); 
2 ,4.. .power transformers (2-1, 2-2, 2-3 all similarly arranged); 
5... base support; 6... base plate; 7 ... discharge chamber (vacuum 
chamber); 8 ... substrate heater; 10. . .evacuation hole; 
11 , 12 , 13 ... insulator ; 14... gas control valve (14-1, 14-2, 14-3 
all similarly arranged) . 
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